Abstract. Dynamical fermion mass generation is studied in N-flavour QED in three dimensions at finite temperature, using the Schwinger-Dyson (S-D) equation. Previous work (in the imaginary-time formalism) approximated the photon propagator A~ by retaining only the /~ = v = 0 part, at zero frequency ("instantaneous exchange"). Here we calculate the photon propagator to leading order in l/N, in the real-time formalism. Simple approximate forms for the longitudinal (F/D and transverse (Hr) photon self-energies are proposed. The S-D equation is solved in both the instantaneous and retarded cases. Numerical results for the temperature dependence of the dynamically generated mass (Z(T)) are presented, for a range of N values and for different approximate self-energies. The ratio r = 2Z(T = O)/kBTc is generally found to be somewhat reduced when retardation is included, and to depend quite sensitively on the low-momentum behaviour of HL and Hr. it is concluded that a value r = 6 is a.reasonable estimate in this model.
Introduction
A number of studies have been made of dynamical chiral symmetry breaking (fermion mass generation) in threedimensional QED [1] [4] and in four-dimensional QCD [5]-[8] at finite temperature, using the Schwinger-Dyson (gap) equation. This equation is sufficiently complicated that, even though approximations have to be made in deriving it, further approximation are always made in solving it. Given the equation as a plausible starting point, however, it is important to understand to what extent the results obtained are independent of the approximation made in its solution. One can gain insight into this equation by trying to isolate, and improve upon, the approximations that have been made.
Permanent address: University of Oxford, Department of Physics, Theoretical Physics, 1 Keble Road, Oxford OX1 3NP, UK In the case of three-dimensional QED (QED3), this approach has been pursued in the series [2] [3] [4] , of which the present paper is a continuation. One important approximation made in [2 4], and in other S-D approaches, is to neglect the imaginary parts of all self-energies, and we shall not attempt to improve upon that particular approximation here; we should note, however, that the inclusion of imaginary parts might make a major qualitative difference to our conclusions as happens, for example, in the case of the gluon damping rate in thermal QCD [9] . Apart from this, the principal approximations made in [2] were as follows: (i) the photon propagator A,~ was calculated to leading order in 1IN in Landau gauge (N is the number of fermion flavours); (ii) only the/~ = v = 0 part of Au,. was retained; (iii) only the zero-frequency k0 = 0 ("instantaneous exchange") part of A0o was retained, retardation effects being neglected; (iv) the fermion self-mass Z was taken to depend on temperature T only, not on momentum p; (v) fermion wave function renormalization was neglected. The main results were that the dynamically generated fermion mass vanished above a certain critical temperature To, and that the ratio r = 2Z(T = O)/kBTc was of order 10, in contrast to the value r = 3.54 characteristic of BCS superconductors. In [3] , approximations (i), (ii), (iii) and (v) were kept, but Z was allowed to depend on p as well as on T. In this case, as at zero temperature [10] , it was found that Z(p = 0) vanished for N greater than a critical No; here, however Nc was dependent upon T, and a phase diagram of QED3 in the N -T phase was presented. The ratio r = 2Z(p = O, T = O)/kt~Tc remained of order 10, approximately independent of N. In [4] , an attempt was made to drop approximation (v), as well as (iv), and include the effect of wave function renormalization as well as that of momentum-dependence in Z, in view of the relevance of approximation (v) to the existence of a critical Nc at T = 0 [11] . Approximations (ii) and (iii) were again retained, and indeed somewhat extended in the sense that the frequency dependence of the kinematical factor in the kernel of the equation for the wave function renormalization constant (Z) was also ignored. It was found, however, that this led to an unphysical result, namely Z > 1, even as T approached zero. A modified equation was therefore proposed, in a somewhat ad hoc manner, which gave Z < 1 and sensible low T limit. A phase diagram was obtained which was very similar to that of [3] , and r remained essentially unchanged at about 10.
It therefore seems that r ~ 10 is a rather robust feature of dynamical mass generation in QED3 at T 4= 0. The origin of this large value (relative to the 3.54 of BCS theory) was traced in [2] to the thermal screening associated with the appearance of a (temperature-dependent) photon mass /7 ~/2~ 0, IPl 0, T) = [2c&~Tln2/Tr] 1/2,
where e-Ne 2 and H~v is the vacuum polarization tensor. A similar increase of r from about 3.5 to about 9 was also obtained in -in Coulomb gauge neglected retardation in the transverse gluon potential.) As regards approximation (ii), it was found in [2] that the transverse part of the photon propagator remained massless in the instantaneous limit, which would lead to infrared divergences. Partly for this reason, and partly in order to maintain a close correspondence with static potential theory, only the A00 component of A~,v was kept. It is clearly of interest to learn how a more complete propagator might affect the value of r.
There are also reasons for querying the reliability of approximation (iii), in this context. The calculations of [2] [3] [4] were all done using the imaginary time formalism, in which boson (fermion) energies are discrete even (odd) multiples of irc/iq ([~ = 1/knT) . At sufficiently high temperature it may be a good approximation to retain only the n = 0 (zero frequency) component of the bosonic function H0o, since the energy intervals between successive multiples are then large. But chiral symmetry breaking is expected to be a low temperature phenomenon: indeed, the critical T/s of [2 4] are always substantially less than the natural mass scale c~. Moreover, as T approaches zero, it is clear that all frequency components should be included, so that retaining only the n = 0 component in Ho0 inevitably means that one cannot recover the wellstudied zero-temperature case [10, 11, 16, 17] as T~0. Finally, the problem encountered with Z in [4] seemed to be due to the "dimensional reduction" associated with the n = 0 truncation, which commonly occurs in the high (rather than low) T limit.
The purpose of the present paper is therefore to examine the effect of approximations (ii) and (iii) on dynamical chiral symmetry breaking in QED3 at T 4 = 0, and specifically their effect on the ratio r. While it would clearly be desirable to perform a more or less complete calculation, and relax approximations (i) and (ii) simultaneously with (iv) and (v) (especially in view of the problem with Z in [4]), we shall not be so ambitious here. Instead, we shall retain approximation (i), (iv) and (v), which means that we shall essentially study the effect of relaxing (ii) and (iii) in simpler models of the type studied in [2] .
As mentioned above, [2] [3] [4] all used the imaginary time formalism with discrete imaginary energies. To go beyond the instantaneous approximation (iii) in this formulation would require the solution of an increasingly large number (as T ~ 0) of coupled gap equations for the different energy components [see (2.51) of [15] ]. While this may be a possible approach, it seems more natural to work with continuous energies. These may of course be reached by analytic continuation from the discrete case, but there are subtleties in this procedure which make it simpler to use the real-time formalism from the beginning (this also contains the T = 0 limit very naturally). This was also the approach followed in the early study [1] Hr are taken, and in which the instantaneous approximation to Fir and H.r is or is not made. Our main conclusion is that r is quite sensitive to approximations (ii) and (iii), and that a value in the region of 6 is a more reasonable estimate. 
S-D equation
where q = p -k. In (2), the fermion propagator is
Sv(k, fi) = (t~ + Z(k, /~))Ar(k, Z(k, fi), [3)
and the photon propagator in Landau gauge is A~, , , (q, Fl.J.12(q, [~) , [~) --Q,~Ab (q, 1-1[/2 (q, [3) , ~)
